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1 | INTRODUCTION

Abstract

Background: Cryoglobulinemia is defined as the presence of an abnormal
immunoglobulin that may be responsible for vasculitis of small-caliber vessels.
Apheresis can be used in order to temporarily eliminate circulating
cryoglobulins. The aim of this study was to assess the effectiveness of apheresis
(double-filtration plasmapheresis-DFPP-) in symptomatic and/or severe
cryoglobulinemias.

Methods: Four male patients presenting cryoglobulinemic vasculitis and who
received DFPP sessions were included.

Results: Their mean age was 57 + 15 years. One patient had hepatitis-C virus
(HCV)-related cryoglobulinemia and the other three patients were carriers of
an IgM Kappa monoclonal gammopathy. Mean duration of follow-up was
15+ 2 months. DFPP allowed healing of ulcerative skin lesions in the first
patient and remission of nephrotic syndrome in the other patients after a
median of 6(5-10) sessions.

Conclusion: DFPP can be used safely in cryoglobulinemic-vasculitis and can be
considered early to achieve a faster and sustained clinical-biological response.
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chronic hepatitis C, cryoglobulinemia, double-filtration plasmapheresis,
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at low temperatures and dissolve again upon warming
[1]. Cryoglobulins may be composed of only a monoclo-

Cryoglobulinemia is defined as the persistent presence in nal Ig (type I cryoglobulinemia), of a monoclonal Ig
serum of abnormal immunoglobulins (Ig) that precipitate bound to the constant domain of polyclonal Ig heavy

chains (mixed type II cryoglobulinemia), or of only poly-

Hamza Naciri Bennani and Augustin Twite Banza have contributed clonal Ig (mixed type III cryoglobulinemia) [1]. The dis-

equally to this study.

ease mainly involves small to medium-sized blood vessels
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and causes vasculitis due to cryoglobulin-containing
immune complexes. This generally leads to a systemic
inflammatory syndrome characterized by fatigue, arthral-
gia, purpura, neuropathy, and glomerulonephritis [2].

Wintrobe and Buell, in 1933, were the first to describe
cryoglobulinemia in a patient with multiple myeloma:
they made the observation that when his serum was
cooled this resulted in an unusual precipitate that dis-
appeared subsequently upon heating [3]. He presented
with Raynaud phenomenon, distal acrocyanosis, epi-
staxis, and retinal thrombosis. However, the term
“cryoglobulin” was coined later to describe the phenome-
non of cold-precipitable serum Ig [4].

Hepatitis C virus was discovered in 1989 [5], and it
was soon shown that most cases of non-hematological-
related cryoglobulinemia were indeed related to chronic
HCYV infection [6].

In 1960 therapeutic apheresis was given to a patient that
presented with Waldenstrom macroglobulinemia [7]. Since
then, apheresis has undergone huge developments. In their
2019 recommendations, the American Society of Apheresis
classified severe/symptomatic cryoglobulinemia as category
II, that is, a category where apheresis is accepted as a
second-line therapy using either plasmapheresis (grade 2A)
or immunoadsorption (grade 2B) [8].

2 | PATIENTS AND METHODS

2.1 | Study population

This retrospective single-center study was conducted in a
French university hospital between January 1, 2019 and
December 31, 2020. All patients had presented with
cryoglobulinemia-related vasculitis and received DFPP as
part of their therapy. For all patients, DFPP was in associ-
ation with immunosuppressive drugs.

Complete remission was defined as an absence of any
disease activity attributable to vasculitis. Partial remission
was defined by a >50% decrease in disease activity score
(BVAS) in the absence of a new vasculitis-related mani-
festation. Relapse was defined as re-occurrence of
vasculitis-related clinical and/or biological manifesta-
tions. Refractory cases were defined according to EULAR
guidelines  (https://www.eular.org/recommendations_
eular_acr.cfm), which are defined as follows:

« an active and progressive disease where conventional
therapy has been implemented at least 4 weeks ago;

+ no response as defined by a decrease in Birmingham
Vasculitis Activity Score (BVAS) <50% after 6 weeks of
conventional therapy;

« a persisting chronic disease defined by the presence of
at least one major symptom/parameter or three minor
symptoms/parameters from the vasculitis-activity score
items, for example, BVAS or BVAS/Wegener's
Granulomatosis (BVAS/WG), after at least 12 weeks of
conventional therapy.

2.2 | Double-filtration apheresis

DFPP was performed using a Plasauto X machine
(Asahi Kasei Medical, Tokyo, Japan). The patients'
plasma was separated from blood cells using a first fil-
ter (Plasmaflo OP-08 W), then it was treated using a
second filter (either Cascadeflo EC-30 W, Cascadeflo
EC-20 W or Cascadeflo EC-50 W) depending on molec-
ular weight of the substance to be eliminated. Patients
1, 2, and 4 used Cascadeflo EC-50 in order to eliminate
IgM. While patient 3 used Cascadeflo EC-30 W on the
first session then Cascadeflo EC-20 W on the subse-
quent sessions so that IgG would be eliminated. The
volume of plasma treated was equal to 1.5 times the
plasma volume, calculated using the Kaplan formula:
PV = 0.065 x weight (kg) x (1 — hematocrit) [9]. Blood
flow was 150 ml/min and plasma separation was ~25%
of maximum blood-flow rate. During DFPP, <500 ml of
4% albumin are needed to be infused per session,
which corresponds to plasma rejection, that is, 5-10%
of plasma volume treated. Extracorporeal anti-
coagulation was based on regional anticoagulation
using citrate with reinjection of calcium into the
venous return line according to ionized calcium, which
was maintained at 1.15-1.35 mmol/L. Vascular access
required the insertion of a central venous jugular or
femoral catheter, which was removed at the end of
apheresis therapy.

2.3 | Collected data and statistical
analyses
Clinical and biological data were collected from

electronical medical files (CristalNet software). Apheresis
data were collected through the paper records of each
session. Data were computerized on Excel 2016 software.
Quantitative variables were expressed as mean + SD.

The study was conducted according to the guidelines
of the Declaration of Helsinki and approved by CNIL
(French National committee for data protection; approval
number 1987785v0). The biobank collection number is
BRIF BB-0033-00069. Informed consent was obtained
from all subjects involved in the study.
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3 | RESULTS

During the study period, we had four male patients pre-
senting with cryoglobulinemic vasculitis and for whom
apheresis was part of the therapy. Their mean age at the
time of diagnosis was 57 + 15years. Table 1 summarizes
the characteristics of the four patients that received
double-filtration plasmapheresis.

3.1 | Case descriptions

Case n°1 was a 62-year-old male that had received
chronic hemodialysis for 17 years. End-stage kidney dis-
ease (ESKD) was consecutive to type I cryoglobulinemia
(IgM kappa)-related membranoproliferative glomerulo-
nephritis (MPGN). In cold weather he sometimes experi-
enced cutaneous ulcerations (on his toes), which were
treated by rituximab (375 mg/m?).

In October 2019, he presented with persisting very
painful bilateral plantar ulcerations without any other
associated symptoms/sign. There was no osteitis. Biologi-
cal tests showed hypocomplementemia, a decrease in IgG
levels (4.9 g/L), and an increase in IgM levels (4.6 g/L).
Cryoprecipitate was 30 mg/L and was mostly composed
of monoclonal IgM kappa. At that point we decided to
implement 10 DFPP sessions (three per week for 2 weeks,
then two per week for 2 weeks). After the third and sixth
sessions he was infused with 375 mg/m? of rituximab. At
8 days after starting this therapy, the pain had dis-
appeared, and the ulcerations began to heal. By the end
of therapy, the ulcerations were no longer present; IgM
had decreased to 1.02g/L and cryoprecipitate to
6 mg/L. By 16 months later, the patient was still in remis-
sion with no detectable cryoprecipitate.

Case n°2 was a male patient aged 83 years. He had
been diagnosed 10years previously with type II IgM
kappa cryoglobulinemia-related membranoproliferative
glomerulonephritis. This was within the setting of non-
Hodgkin lymphoma. At that time, he received rituximab
at 375mg/m? per week for up to four injections: this
resulted in long-lasting remission until 2017 when he suf-
fered a relapse of lymphoma. He therefore received
another four weekly rituximab infusions (375 mg/m2).
Remission then lasted from August 2017 to November
2029. At that point he presented with diffuse edema and
nephritic syndrome. Biological examinations found acute
renal failure, that is, serum creatinine had increased from
220 pmol/L (estimated glomerular-filtration rate [eGFR]
was 21 ml/min) to 307 pmol/L (eGFR was 16 ml/min),
associated with gross hematuria and proteinuria of
2.36 g/day. In addition, there was an increase in IgM level
to 3.22 g/L (and a decrease in IgG and IgA levels) as well
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as hypocomplementemia. Cryoprecipitate was 300 mg/L
(mostly composed of monoclonal IgM kappa). A kidney
biopsy was declined by the patient. We implemented a
combined therapy comprising five DFPP sessions (three
the first week and two the second week) combined with
four weekly rituximab (375 mg/m?) infusions: the first
was started after the third DFPP session. By day 14 after
starting the combined therapy there was a huge improve-
ment, that is, IgM levels decreased to 1.85 g/L, renal func-
tion returned to baseline (serum creatinine of 200 pmol/
L, eGFR of 24 ml/min) proteinuria decreased to 1 g/day,
and cryoprecipitate was 50 mg/L. By 15 months later, he
was still in remission, that is, serum creatinine of 189 p
mol/L (eGFR of 28 ml/min), proteinuria of 422 mg/g,
with no microscopic hematuria. Cryoprecipitate was
negative.

Case n°3 was a 54-year-old male that had been diag-
nosed in December 2019 with hepatitis C virus-related
asymptomatic cirrhosis. He was referred to our depart-
ment in March 2020 because he presented with cryo-
globulinemia type IIlI-related membranoproliferative
glomerulonephritis. He had diffuse edema, nephrotic-
range proteinuria (5 g/day, hypoalbuminemia at 23 g/L)
and acute renal failure (serum creatinine was 250 pmol/
L, eGFR was 24 ml/min). In addition, he had hyp-
ocomplementemia, polyclonal hypergammaglobulinemia;
cryoprecipitate was 100 mg/L (polyclonal IgG). He was
given hemodiafiltration in addition to daily DFPP session
(up to five); after the first three DFPP sessions methyl-
prednisone (MP) 10 mg/kg was infused; MP was followed
by oral prednisone, with the dose slowly tapered.
Rituximab was infused at 1 g after the fifth DFPP session
and at 2weeks later. Finally, anti-HCV treatment was
implemented (glecaprevir 300 mg/day plus pibrentasvir
120 mg/day) for 8 weeks. Two weeks after starting DFPP
(and steroids) IgG had decreased from 8.8 to 3.1 g/L,
renal function was markedly improved (serum creatinine
was 123 pmol/L, eGFR was 54 ml/min), albuminemia
level was increased to 32 g/L, proteinuria was decreased
to 1.5 g/day, cryoprecipitate was negative, and comple-
ment factors were normalized. By 18 months later, he
was still in complete remission with good renal function,
that is, serum creatinine was 107 pmol/L (eGFR was 67
ml/min).

Case n°4 was a male patient aged 72years. Eight
years previously he had been diagnosed with Wal-
denstrom disease associated with cryoglobulinemia type
I-related membranoproliferative glomerulonephritis. He
received six cycles of R-CHOP chemotherapy (comprising
rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisone). He improved to remission; his base-
line renal function was defined by serum creatinine
of 95pumol/L (eGFR of 69 ml/min); proteinuria was
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negligible at 0.3 g/g of creatininuria. In October 2019 he
presented with a renal relapse of cryoglobulinemic vascu-
litis, that is, he had diffuse edema, proteinuria was 1.5 g/g
of creatininuria, acute renal failure (serum creatinine rose
to 224 pmol/L (eGFR was 24 ml/min), IgM was 5.6 g/L, and
cryoprecipitate was 10 mg/L (mostly monoclonal IgM
kappa). A renal Dbiopsy showed evidence of
membranoproliferative glomerulonephritis with diffuse
microthrombi. We therefore started five sessions of DFPP
(every other day) plus chemotherapy (rituximab—cyclo-
phosphamide—dexamethasone). He progressively
improved; by 3 months later, renal function had recovered
(serum creatinine was 92 umol/L, eGFR was 80 ml/min,
proteinuria was 0.5 g/g of creatininuria, IgM level had
decreased to 2.5 g/L, and cryoprecipitate was negative.
However, a month later (February 2020) he had a renal
relapse, that is, diffuse edema, nephrotic-range proteinuria
(3.3 g/g of creatininuria plus hypoalbuminemia of 23 g/L),
and acute renal failure (serum creatinine was 135 pmol/L,
eGFR was 46 ml/min). IgM levels had increased to 8 g/L
and cryoprecipitate was 25 mg/L (monoclonal IgM). At that
point, he received three sessions of DFPP followed by third-
line chemotherapy consisting of dexamethasone plus
bortezomib. At 1 month later (March) he had mildly
improved, that is, it was only partial remission because,
even though serum creatinine was stable at 131 pmol/L
(eGFR was 50ml/min) and edema was absent, albu-
minemia had increased to 35 g/L, proteinuria had decreased
to 1.24g/g of creatininuria as had IgM (5 g/L), and
cryoprecipitate was negative. In May 2020 he had a relapse
of overt nephrotic syndrome without an increase in serum
creatinine; complement factors (C3 and CH50) were low.
Cryoprecipitate was negative. He was placed on rituximab
as a monotherapy (375 mg/m?* once a week for 4 weeks,
and then every 2 months). In December 2020, renal func-
tion had become stable (serum creatinine was 138 pmol/L,
eGFR at DFG was 42ml/min), proteinuria was low at
100 mg/g of creatininuria, and cryoprecipitate was negative.
In January 2022, renal function was stable (serum creati-
nine was 135 pmol/L, eGFR at DFG was 45 ml/min), and
proteinuria was almost negative (0.18 g/g of creatininuria).

4 | DISCUSSION
In these case reports, we describe patients that had
cryoglobulinemia-related vasculitis. The DDPP given at
the very beginning of a specific therapy probably helped
in inducing rapid remission.

Cryoglobulinemias are encountered (mostly) in two set-
tings: chronic hepatitis C virus infection (type II cryo-
globulinemia) and monoclonal gammopathies, such as IgM
(type I cryoglobulinemia). When the cryoprecipitate

and Dialysis

concentration is (very) high this can result in vasculitis
manifestations involving the skin, the kidneys, the central
nervous system, the heart, etc. Indeed, as this systemic dis-
ease can be life-threatening it requires specific therapies
that can be efficacious within very short time frames. How-
ever, such therapies for type I cryoglobulinemia are based
on high doses of IV steroids and/or rituximab and/or che-
motherapy, and treatment with antiviral agents for type II
HCV infections, and these approaches are not immediately
effective. Thus, the use of apheresis techniques, given soon
after diagnosis, can act as a bridge to quickly and efficiently
remove cryoglobulins as a first-line therapy. Indeed, it has
been already shown, in the setting of cryoglobulinemia-
related vasculitis that is unresponsive to pharmacological
therapies, that apheresis can be an interesting option
(Table 2).

Before the era of direct-acting antivirals (DAA),
cryoglobulinemia was associated with HCV infection in
70-90% of cases [28]. Symptomatic cryoglobulinemia
vasculitis (CV) can occur in 5-10% of patients with HCV-
associated cryoglobulinemia. The most frequent manifes-
tations are cutaneous, with recurrent purpura, articular
with joint pains, neurologic with peripheral neuropathy,
and renal with membranoproliferative glomerulonephri-
tis. The advent of DAAs against hepatitis C virus has dra-
matically changed the management of chronic HCV
infection. Patients with HCV—cryoglobulinemia vasculi-
tis have high rates of sustained virological response
(74-100%) and complete or partial clinical remission
(61-100%) after treatment with DAAs [28].

Therapeutic apheresis (TA) is generally used in cases
of severe renal impairment, skin necrosis, intestinal
ischemia, cardiac, and/or central nervous-system vasculi-
tis. However, no randomized controlled study on the use
of apheresis is available on this subject in the literature,
but several series and case reports have been published.

Marson et al. [18], in a multicenter retrospective
study that included 159 patients with cryoglobulinemia,
including 113 HCV-positive patients, showed that the
efficacy of TA, used in 70% of patients with a median
number of 10 sessions (5-26), was judged to be very good
(complete remission) in 12% of cases, good (partial remis-
sion) in 38% of cases, transient in 25% of cases, and insuf-
ficient in 22% of cases. Patients with hyper-viscosity
showed a very good response. Non-response to TA was
observed mainly in the event of multi-visceral failure.
The survival of patients with a very good, good, or tran-
sient response to TA was better than that of non-
responders (p < 0.0001) [18].

A series, evaluated by Ferri et al. [14], evaluated the
management of renal impairment by prolonged plasma-
exchange sessions: nine patients presented with mixed
cryoglobulinemia with renal impairment (such as severe
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MPGN) and received plasma exchange alone or in associ-

2 & ig % . ation with corticosteroids, without cytotoxic agents. Five
. % E 2 g ) patients improved 3weeks after starting plasma
§ +§ é g é’ % exchange, and no clinical relapse occurred when sessions
g § % E § Tg 2 = were reduced or interrupted: that is, serum creatinine
5 £ é é § g % é was 299 +193 vs. 158 + 79 pmol/L before, proteinuria
8 2 £ was 5.2+ 5.0 vs. 2.1 + 1.6 g/day before, and cryocrit was
RPN 4.5+4.2% vs. 0.9 + 0.8% before.
% f§ é In our series, the patient that had type III mixed
LRl ¢ - cryoglobulinemic vasculitis secondary to HCV presented
g 8 with MPGN, resulting in nephrotic syndrome and severe
é £ E: . renal failure. He had received DFPP (five sessions) com-
i% W bined with rituximab (1 g on DO and D15), corticoste-
ég ;"é Eﬂ 7 roids, and anti-HCV treatment. By the 12th day of
é éﬁ < Q‘% Ey treatment, there was regression of edema associated with
improved renal function (plasma creatinine at 123 vs.
5 . g 250 pmol/L), a decrease in proteinuria (1.5 vs. 5 g/day),
s _§ s E;: normalization of serum complement, and negative cryo-
5 5 . globulinemia. After an 18-month follow-up, renal func-
§E§§ g tion remained stable with serum creatinine at 107 p
é Ej E i3 2 mol/L.
=% £5 & £ g Waldenstrom's disease is a non-Hodgkin lymphoma
E E g 283 £ with mature B cells characterized by medullary
B - “ lymphoplasmacytic infiltration and secretion of a mono-
clonal immunoglobulin (IgM). It is a very rare malignant
hemopathy, with an average age at diagnosis of 63 years
B [29]. In monoclonal cryoglobulinemia related to Wal-
g c;) c:) denstrom disease, the use of TA, combined with chemo-
= therapy, is most often indicated in cases of symptomatic
é hyper-viscosity syndrome. Indeed, Schwab and Fahey
w8 were the first to describe the effectiveness of plasma
% ? = . exchange to reduce plasma viscosity with reversibility of
5 4 the associated clinical manifestations (retinopathy and
§ g heart failure) in two patients followed for Waldenstrom
‘“3 E; £ disease [7, 30].
5 3 % 2 There is indeed a relationship between the level of
& 2 g circulating IgM and plasma viscosity. A single plasma-
"é _ pheresis session of about 3 L allows regression of plasma
8 g viscosity by more than 50%. TA has now become
=| 3 % R é established as an emergency treatment for hyper-viscosity
{g:’ % é’, g E syndromes by demonstrating its effectiveness in the rapid
SR -~ e control of clinical manifestations (ocular, neurological,
o ? - etc.). It should be started urgently as soon as clinical signs
S E e appear, or prophylactically in conjunction with the initia-
tion of drug treatments, in particular with rituximab
= g 2 s [29, 31-36]. TA can also be used long term to maintain
é % § normal plasma viscosity in patients who are intolerant or
g Z &~ - refractory to chemotherapy [35]. Renal involvement dur-
C 3 g ing cryoglobulinemia (which may be type I or II) linked
~ g5 f = i to Waldentrém disease or monoclonal proliferation of the
“_j g E % IgM type is rare. It is the glomerular type in the majority
2 ‘é-’ g § of cases, but this generally has a poor prognosis and most
= often progresses to needing dialysis. Thus, this could



NACIRI BENNANTI ET AL.

Therapeutic Apheresis

= I_WILEY-_*

justify the use of TA to allow rapid reduction of IgM and
serum cryoglobulin levels to reduce renal damage, as we
observed in our series of patients (Table 1). The timing of
apheresis sessions was essentially guided by the kinetics
of IgM and the evolution of nephrotic syndrome.

Bezzi et al. [37] reported on the case of a 39-year-old
subject who presented with glomerular-type kidney dam-
age secondary to type I cryoglobulinemia in Waldenstrom
disease. He received chemotherapy and seven plasma
exchanges with spectacular results after the third PE
(normalization of blood pressure and negative cryo-
globulinemia, stable renal function, with a eGFR of
40 ml/min/1.73 m?, proteinuria of 2.1 g/day). However,
when plasma exchange was stopped, there was
reappearance of cryoglobulinemia, which required the
resumption of treatment.

Skin ulcers secondary to cryoglobulinemia can pose a
therapeutic challenge. The addition of apheresis sessions
to immunosuppressive therapy can be considered for
non-healing and recurrent refractory ulcers. Several cases
have been reported in the literature [22, 38, 39] showing
the effectiveness of apheresis, particularly plasma
exchanges, in improving skin lesions secondary to
cryoglobulinemia.

In our series, the patient that presented with recur-
rent foot ulcers associated with type I cryoglobulinemia
secondary to monoclonal IgM kappa gammopathy was
initially treated with rituximab alone (annual infusion at
a dose of 375mg/m?). The addition of DFPP sessions
(10 sessions at three sessions per week for 2 weeks, then
two sessions per week for 2 weeks) enabled, on the 8th
day of treatment, a marked improvement in pain and the
ulcers beginning to heal. No signs of vasculitis activity
were reported at 16 months follow-up (no recurrence of
skin ulcers, negative cryoglobulinemia).

5 | CONCLUSIONS

Treatment with therapeutic apheresis (DFPP or PE) for
patients with cryoglobulinemic vasculitis is used in cases of
severe and/or refractory renal, cutaneous, digestive, cardiac,
or neurological involvement. It seems to be important to
offer TA at the beginning to achieve a faster and sustained
clinical-biological response, with its duration determined
according to the clinical evolution and its frequency guided
by the biological parameters (IgM, cryoglobulin, protein-
uria, etc.). However, a prospective multicenter randomized
study is essential to confirm our hypothesis.
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